More than 581 solar thermal systems (STSs), 98 counties, and 47 renewable application demonstration cites in China need to be inspected by the end of 2015. In this study, the baseline for performance and economic evaluation of STSs are presented based on the site test data and related references. An index used to evaluate STSs was selected, and methods to acquire the parameters used to calculate the related index were set. The requirements for sensors for testing were specified. The evaluation method was applied to three systems and the result shows that the evaluation method is suitable for the evaluation of STSs in China.
Introduction
Buildings are responsible for most of the primary energy use in many countries and regions. In China, about 43% of primary energy is consumed in buildings [1] , in the USA 41% [2] , and in the EU about 40% [3] . The use of fossil energy will increase the greenhouse gas emissions and cause global climate change [4] . But, fortunately, we have abundant renewable energy. Many countries have introduced policies to encourage the application of renewable energy, especially solar energy, to reduce the consumption of primary energy [5] [6] [7] [8] [9] . From 2007 to 2010, in China, 581 projects, 98 counties, and 47 cities have got national financial support for the application of renewable energy in buildings. Solar thermal systems (STSs) are widely used in most of these projects, especially solar water heating systems. Solar energy can generate heat and produce power [10] . According to the statistical data from the International Energy Agency, space heating and domestic hot water consume 46% of the total energy used in residential buildings and 45% in commercial buildings [11] . The required temperature for heating and domestic hot water ranges from 30 ∘ C to 100 ∘ C, and in this condition solar thermal systems have a dominant advantage for their higher energy conversion efficiency, compared with solar photovoltaic (PV) systems. Solar water heating systems (SWHS) are widely applied in many countries [12] [13] [14] [15] [16] . Solar heating and cooling systems are also applied in some special regions and for certain buildings [17] [18] [19] [20] [21] [22] [23] [24] .
The aim in using solar energy is to reduce the consumption of fossil energy. Can this be achieved in reality? Halawa et al. [15] compared the thermal performance evaluation of SWHS in Austria, Taiwan, and Japan and found that robust methods to assess the SWHS thermal performance in the three regions are required. This similar work is also necessary for any other regions and countries.
Many researchers have undertaken evaluations based on optimal designs and simulations. Juanicó [25] presented a new design for a roof integrated water solar collector for domestic heating and cooling in Argentina. Marcos et al. [20] designed an experimental solar energy facility to meet as much of the heating demand in a typical Spanish dwelling as possible. The system was observed to meet 65.3% of the space heating demand and 46% of the cooling demand. Hobbi and Siddiqui [26] performed an optimal design of a forced circulation solar water heating system for a residential unit in the cold Canadian climate using TRNSYS, and the fraction of solar energy for the entire system was used as the optimization parameter. Allouhi et al. [7] assessed the 2 International Journal of Photoenergy technical feasibility of a solar water heating system under Moroccan conditions using simulations. The results showed a higher solar energy fraction can be achieved in these regions when using an evacuated tube solar collector. The evaluation work by Yue and Huang [27] showed that the application of solar water heaters can cover all the energy consumption for hot water in Taiwan. Kalogirou [28, 29] analyzed the environmental benefits of domestic solar energy systems, to show that the energy spent on the manufacture and installation of a SWHS is recouped in about 1.2 years with respect to a life cycle assessment. The payback time varied from a few months to 9.5 years according to fuel costs and the particular pollutant considered with respect to the emissions produced.
Ozyogurtcu et al. [30] compared a ventilation system assisted with exhaust air heat recovery, an electric heater, and solar energy from a technoeconomic view. The results showed that the payback period of the suggested system was 5 years and 8 months. Similar work was performed by Tsoutsos et al. [31] . Al-Salaymeh et al. [32] undertook an economic investigation of an integrated boiler-solar energy saving system in Jordan. The investigation showed that using a SWHS to heat space and domestic water is cost-effective, and the payback time can be as low as 3 years under the Jordanian oil price of 2006-2008. Zhai et al. [33] proposed an energy and exergy analysis on a novel hybrid solar heating, cooling, and power generation system for a remote area in northwestern China. The case study showed that the system had a higher conversion efficiency than the conventional solar thermal power generation system alone, but the payback time was about 18 years under the conventional energy price of the year studied. Ozgener and Hepbasli [34, 35] performed a parametric study on the energy and exergy assessment of a solar assisted ground source heat pump system used for heating a greenhouse in Turkey, in which the peak system heat coefficient of performance (COP) was up to 2.79 on a typical hot day in Izmir, and the best exergy efficiency was 75.6%.
Researchers have evaluated case studies in many countries. Michaelides and Eleftheriou [36] performed an experimental investigation on the thermal performance of a SWHS in Cyprus. The results showed that its thermal performance was relatively insensitive to solar radiation fluctuations ranging from 800 to 1000 W/m 2 . Ayompe and Duffy [16] evaluated a solar water heating system with a heat pipe evacuated tube solar collector in Ireland based on a year of testing data from a field trial. The results showed that more attention should be paid to the heat loss from the supply pipe to improve the solar energy fraction and collector efficiency. Sekret and Turski [37] studied a solar adsorption cooling system in Poland. The real value of the cooling efficiency of the COP coefficient for the adsorption ice water generator, and real global efficiency of the adsorption system, was 0.27 and 0.23, respectively. Ferreira Leite et al. [23] investigated a central air-conditioning system based on adsorption and solar energy in Brazil, under the mean value of the total daily solar radiation in João Pessoa. The regenerated heat supplied by solar energy was up to 75%, and the COP of the adsorption chillers was found to be around 0.6. Xu et al. [38] reported on a demonstration greenhouse with a solar seasonal heat storage system in Shanghai. The interior air temperature was
15
∘ C while the ambient value was −3 ∘ C without any auxiliary heating equipment installed. Esen and Yuksel [39] studied applying biogas, solar, and ground source heat pump system for heating a greenhouse in Turkey and no serious defects were found in the (2009/2010) heating season, which proved the system could be used to supply the energy demand for greenhouses in the East and Southeast regions of Turkey.
It is importance to present a baseline to evaluate solar thermal system performance. Based on previous research results on STS evaluation and the STS application situation in China, the method is presented in this paper. The technical and economic aspects are considered in the method. The evaluation index and the test method for acquiring the parameters to calculate the evaluation index are also considered. The application of the method in three solar thermal systems in buildings shows that the evaluation method is suitable and can be used to evaluate the performance of a STS. The output of this research is part of the Chinese National Standard on evaluation methods for renewable energy systems applied in buildings.
Scope and Evaluation Index
2.1. Scope. The solar thermal systems referred to in this study include solar water heating, solar space heating, and solar air-conditioning systems. Thirty-seven solar thermal systems were tested by the Quality Supervision and Testing of Solar Heating Systems (Beijing) in 2009, of which 32 were solar water heating systems. Therefore, the index for evaluation is mainly based on solar water heating systems, because of their wide application in China. For solar space heating and solar air-conditioning systems, specific indices are considered. The main aim of the evaluation is to verify conformity in the system design. All of the evaluation indices should meet the design requirements. If there are no requirements during design, the evaluation index should meet related national standard requirements.
Evaluation Index

Technical Evaluation Index.
The collection of solar thermal energy and ability to cope with the load should be considered during the evaluation process. Based on the test results and related references [13, 16, 17, 27, [40] [41] [42] , the solar energy fraction, efficiency of the solar collecting system, and heat loss coefficient of the storage tank were selected to evaluate the thermal performance of the solar collecting system. The solar energy fraction is also related to the total energy consumption. If the solar energy fraction, efficiency of the solar collecting system, and heat loss of the storage tank are not identified during the design, the solar energy fraction should meet the requirements in Table 1 , and the efficiency of the solar collecting system should meet the requirements in and solar air-conditioning systems, the indoor temperature is introduced. According to previous research results [17, 19, 21, 24, 43] , the thermal COP is introduced to evaluate the performance of solar air-condition systems, which is the product of the efficiency of the solar collecting system and the COP of the chiller. The thermal COP indicates the ability of the solar air-conditioning system to convert solar energy to cooling capacity. To obtain a general performance of the solar air-conditioning system, the thermal COP should be given during the evaluation.
Economic Evaluation Index.
When considering using renewable energy systems to meet the heating and cooling requirements of a building, the cost of the system is critical and can lead to an increase in the initial investment. A renewable energy system should be based on economic rationality and technical feasibility. The reasonable design of a solar thermal system should compensate the increased investment by a specific operating year during the lifetime of the system. The cost to benefit of the system is put forward. This index indicates the cost to obtain 1 kWh energy saved during the system lifetime. It is the ratio of the increment in the system costs to the total energy saved over the whole lifetime of the system. To establish the viability of the system quickly, a simple payback period is selected. For a solar water heating system, the simple payback period should be less than 5 years, and for a solar space heating system, it should be less than 10 years. During the evaluation, the simple payback period for the solar air-conditioning system and its costbenefit should be given.
Environmental Evaluation Index.
The aim in using renewable energy is to reduce the consumption of fossil energy. For the alternative standard, coal is selected, with which the reduction in greenhouse gas emission can be assessed. The reductions of CO 2 , SO 2 , and dust are the indices for environmental evaluation. These indices should be presented during the evaluation.
Parameters and Requirements for the Test
Parameters.
To asses all the STSs, the efficiency of the solar collecting system, the total energy consumption, the heat gain of the collecting system, and the heat loss of the storage tank should be got. For the solar water heating system, the supply water temperature should be given to evaluate the energy quality of the system. For the solar space heating and solar air-conditioning systems, the indoor temperature should be recorded. The heating energy consumed and cooling energy supplied by the chiller only apply to the solar air-conditioning systems.
System Sampling Method.
To improve the testing efficiency and reduce test cost, it is necessary to select the typical system to be evaluated. Solar water heating systems must have the same type of solar collector, scope for solar energy collection and hot water supply, system operating mode, heat transfer media, location of the auxiliary heat source installation, and system startup mode. The difference between the gross solar collector area and storage tank must be limited to 10%. Overall the system should be treated as the same type. The number of systems to be evaluated should be 2% of the same types of systems or at least one.
Solar space heating and air-conditioning systems should have the same type of solar collector, operating mode for solar energy collection, storage capacity for heating (cooling), type of chiller, and energy delivery system. The difference between the gross solar collector area, rated cooling capacity of the chiller, and heated (cooled) building area should be limited to 10% and should be treated as the same type. The number of systems evaluated should be 5% of the same type of system or at least one.
Requirements for Meteorological Conditions
System Monitoring for the Long Term.
Long term monitoring of a solar water heating system should be greater than 120 successive days, the middle day of which should be the Spring or Autumn Equinox in a year.
The solar space heating system should be monitored for the whole heating season, and for the solar air-conditioning system, the monitoring time should cover the whole cooling season.
The average load during long term monitoring should be greater than 30% of the load under the design conditions.
Short Term
Test. Short term monitoring should be over at least 4 days and performed continuously. The operating conditions should be as close to the design operating conditions as possible. The average load for a short term test should be greater than 50% of the load under the design conditions. The indoor temperature should be recorded when the building is in heat transfer equilibrium. The ambient temperature for the solar water heating system should be the annual average surrounding temperature ±10 ∘ C. For the solar space heating system, it should be greater than the surrounding temperature for heating load calculations and less than 12 ∘ C. For the solar airconditioning system, it should be greater than 25 ∘ C and less than the dry bulb surrounding temperature for the cooling load calculations.
Results should be obtained for at least four different days with the specified solar irradiation as follows. The difference between the recorded and specified values should be ±0.5 MJ/(m 2 ⋅d):
(1) Daily solar irradiation less than 8 MJ/(m 2 ⋅d).
(2) Daily solar irradiation equal to or greater than 8 MJ/(m 2 ⋅d) and less than 12 MJ/(m 2 ⋅d). During the test procedure, the range for recording the solar irradiation can be adjusted based on the real situation, but an even spread is required for the solar irradiation.
Requirements for Sensors. Solar irradiation should be recorded by a pyranometer, which should meet Chinese national standard for a pyranometer (GB/T 19565).
The ambient air temperature should be measured using a shaded aspirated sampling device approximately 1 m above the ground, not closer than 1.5 m to the collector and system components and not further than 10 m from the system. The field-of-view of the air temperature sensor should not include chimneys, cooling towers, or hot exhaust. The sensor for measuring the water temperature should be submerged in the water. The temperate sensors and related data recorders should have a time constant of 10 s or less and have an accuracy and precision equal to or better than the requirements in Table 3 .
The accuracy of the liquid flow rate measurement should be equal to ±1.0%.
Mass measurement should be accurate to ±1.0%. Elapsed time measurement should be accurate to ±0.2%.
Analog and digital recorders used should have an accuracy equal to or better than ±0.5% of the full scale reading and have a time constant of 1 second or less. Digital techniques and electronic integrators used should have accuracy equal to or better than 1.0% of the measured value. The input impedance of recorders should be greater than 1000 times the impedance of the sensors or 10 MΩ, whichever is the higher.
In no case should the smallest scale division of the instrument or instrument exceed twice the specified precision.
Length measurement should be made with an accuracy of ±1.0%.
The accuracy for the heat meter should be class 2 according to the Chinese construction industry standard for heat meters (CJ128).
Method to Determine the Parameters
Efficiency of Solar Collecting
System. For the short term test, the daily test starts at 8 am, and when the accumulated solar irradiation meets the requirement of the specified value, the circulation is stopped. The efficiency of solar collecting system can be expressed by
where is the efficiency of the solar collecting system, the solar collector's area in m 2 , the solar irradiation on the aperture area of the solar collector in MJ/m 2 , and the useful energy gained in units of MJ, which can be expressed by
where is the average flow rate of solar collecting system in m 3 /s, is the constant specific heat of the heat transfer media in J/kg⋅ ∘ C, is the density of the heat transfer media in kg/m 3 , is the inlet temperature of the solar collecting in the efficiency of the solar collecting system in ∘ C, is the outlet temperature of the solar collecting in the efficiency of the solar collecting system in ∘ C, Δ is the recorded time interval in seconds and Δ should be less than 600 s, and is the total number of recorded data. The useful energy gained can be acquired by testing the flow rate, the inlet and outlet temperature of the solar collecting system or by using a heat meter.
Total Energy Consumption.
For short term monitoring, the duration for total energy consumption ranges between 8:00 and 8:00 the next morning.
The total energy consumption can be acquired using the flow rate and two temperatures or using a heat meter. It can be expressed as
where is the total energy consumption in units of MJ, the average flow rate of the system in m 3 /s, the hot water temperature supplied by the solar water heating system or the supply water temperature for the solar space heating system or the return water temperature for the solar aircondition system supply water temperature in ∘ C, the cold water temperature for the solar water heating system or International Journal of Photoenergy 5 the return water temperature for the solar space heating system or the supply water temperature for the solar airconditioning system in ∘ C, and Δ the recording time interval in seconds which should be less than 600 s.
During the test for total energy consumption, the hot water supplied by the solar water heating system, and the indoor temperatures for the solar heating and solar airconditioning systems, should be recorded at the same time each day. The hot water temperature and indoor temperature should be the arithmetic average of the recorded data.
Heating Energy Consumed and Cooling
The heating energy consumed and cooling energy supplied by the chiller can be acquired from the flow rate and the two temperatures or using the heat meter. The heating energy consumed by the chiller can be expressed by
where is the heating energy consumed by the chiller in units of kW, the average flow rate system in m 3 /s, the supply water temperature to the chiller in ∘ C, the return water temperature from the chiller in ∘ C, Δ the recording time interval in seconds, which should be less than 600 s, and Δ the total recording time in seconds. The cooling energy supplied by the chiller should be
where is the cooling energy supplied by the chiller in units of kW, the average flow rate system in m 3 /s, the return water temperature to the chiller in ∘ C, the supply water temperature from the chiller in ∘ C, and Δ the recording time interval in seconds which should be less than 600 s.
Heat Loss Coefficient of Storage Tank.
The test for the heat loss coefficient of the storage tank lasts from 20:00 to 6:00 the next morning. During the test, no cold water should enter the tank and no hot water should leave the tank. The start temperature for the test should be higher than 50 ∘ C, and the temperature difference between the temperature in the tank and surrounding air temperature should be greater than 20 K.
The heat loss coefficient of the storage tank can be expressed as
where SL is the heat loss coefficient of the storage tank in W/(m 3 ⋅K), Δ the duration of the heat loss test in seconds, the initial temperature in the tank at the beginning of the test in ∘ C, the final temperature in the tank after the heal loss test in ∘ C, and as(av) the average surrounding air temperature during the heat loss test in ∘ C.
Evaluation
Technical Evaluation.
Initially, the hot water temperature and the indoor temperature should meet the related standard requirements, and then the evaluation can proceed. The heat loss coefficient of the storage tank should be less than 30 W/(m 3 ⋅K).
Solar Energy Fraction. The solar energy fraction is expressed as
= .
For long duration system monitoring, the solar energy fraction should be the average value. For the short term test, expressed as
where 1 , 2 , 3 , and 4 are the solar energy fractions for the four tested solar irradiations and 1 , 2 , 3 , and 4 the numbers of days that have one of the four specified solar irradiations in a year.
Efficiency of Solar Collecting
System. For long duration system monitoring, the efficiency of the solar collecting system should be the average value. For the short term test, expressed as
where 1 , 2 , 3 , and 4 are the efficiency of the solar collecting system for the four tested solar irradiations determined by (1).
Thermal COP for Solar Air-Conditioning
System. Thermal COP for the solar air-conditioning system is expressed by
where COP is the thermal COP for the solar air-conditioning system.
Economic Evaluation
Cost-Benefit for the System.
The cost-benefit for the system is related to the amount of energy saved in the lifetime of the system and the investment, expressed as where CBR is the cost-benefit for the system in ¥RMB/kWh, the added investment for the use of STS in ¥RMB, the heat value of standard coal (in China this value is 29.307 MJ/(kgce)), the lifetime of the system (normally it should be 15 years), and the amount of alternative energy in kgce, expressed as
where is the operating efficiency of the heat resource with conventional energy (if not given in related files, it can be decided in Table 4 ) and the useful heat gain yearly in MJ. For the long term monitoring, it should be the accumulated value during the monitoring, and for the short test, it is expressed as
where 1 , 2 , 3 , and 4 are the useful energy gained from the four tested solar irradiations determined by (2) in MJ.
Simple Payback Year.
The simple payback period can be expressed as
where is saved cost in ¥RMB and can be expressed by
where is the price of conventional energy in ¥RMB/kWh and is the cost for system maintenance in ¥RMB. 2 . The reduction emission of CO 2 can be expressed by
Environmental Evaluation
Reduction Emission of CO
where co 2 is the reduction emission of CO 2 in kg and co 2 the emission factor of CO 2 in kg/kgce (it is 2.47 kg/kgce). 2 . The reduction emission of SO 2 is expressed by
Reduction Emission of SO
where so 2 is the reduction emission of SO 2 in kg and so 2 the emission factor of SO 2 in kg/kgce (it is 0.02 kg/kgce). 
where is the reduction emission of dust in kg and is the emission factor of dust in kg/kgce (it is 0.01 kg/kgce).
Assessment and Rank for STS
Each index should meet the requirements in Section 2.2, at which point the assessment result is passed. If one index performs poorly, the assessment cannot be passed. If the solar energy fraction and efficiency of the solar collecting system are equal to or greater than the values in Tables 1  and 2 , the performance of the STS can be ranked. There are 3 levels of rank for the solar energy fraction, with rank 1 being the highest. The type of STS and solar energy resource considered during the ranking are detailed in Tables 5-7 . There are also 3 levels of rank for the efficiency of the solar collecting system, with rank 1 being the highest. The type of STS considered during the ranking is detailed in Table 8 . The rank for solar energy fraction and the efficiency of the solar collecting system are the same, as is the final rank for STS. If the ranks for the solar energy fraction and the efficiency of the solar collecting system are different, the rank for the STS is the lower. For instance, if the rank for the solar energy fraction is rank 1, the rank for the efficiency of the solar collecting system is rank 3, and the final rank for STS will be 3.
Application of the Evaluation System with Short Term Test Data
Solar Water Heating System for an Apartment in Shenzhen
Description of Solar Water Heating Systems.
For the systems located in Baoan, Shenzhen city, the design requirement is that the system can supply each resident 60 L hot water with the temperature of 55 ∘ C. A 490 m 2 flat plate solar collector was used and installed on the roof (Figure 1) , and an electricity heater was used as a backup heat resource.
Test Results.
Detailed test results are given in Table 9 . Based on (8), the yearly solar energy fraction was 73%. The solar collecting system was 44% efficient.
The test result for the heat loss coefficient of the storage tank was 14 W/(m 3 ⋅ ∘ C). The average temperature of the supplied hot water was 55.6
∘ C during the test. The cost-benefit of the system was 0.15 ¥RMB/kWh, less than the electricity price in Shenzhen, which was 0.70 ¥RMB/kWh, implying the solar water heating system can save electricity in domestic water heating.
The simple payback period was 2.8 years. The yearly reductions in emission of CO 2 , SO 2 , and dust were 63138 kg, 511 kg, and 256 kg, respectively. Tables 1 and 2 , the solar energy fraction and efficiency of the solar collecting system were greater than requirements. Therefore, the system passed the final evaluation. According to Table 5 , the rank for the system should be rank 1. According to Table 8 , the rank for the system should be rank 3, so the final rank for the system was rank 3.
Evaluation and
During the ranking procedure, it was found that the solar energy fraction for the system was greater than the requirement, but the efficiency of the solar collecting system was relatively lower compared with other systems. This led to an increase in initial investment and the operating temperature of the solar collecting system was at a higher level. It is possible that the solar water heating system can perform better and at a lower cost in the present situation.
Solar Space Heating System for a Rural Residential
Building in Beijing
Description of the Solar Water Heating Systems.
The systems are located in Pinggu, Beijing, and were part of a demonstration project for a rural area in Beijing to save energy and improve indoor air quality. The building was a typical rural house in the south of China with a floor area of 160 m 2 . A flat plate solar collector was used and integrated with the slope of the roof (Figure 2 ). The aperture area was 24.21 m 2 . The system supplied energy for space heating and domestic water. Two tanks were used in the system, one tank of 1500 L to store heat and another of 100 L for hot water. The small scale boiler with higher efficiency was used as backup energy. The fuel for the boiler was coal.
Test Results.
The test was performed during the hot season. Detailed test results are given in Table 10 .
Based on (8), the solar energy fraction for heating was 41%, and the average indoor temperature during the test was 16.9 ∘ C, as detailed in Table 11 . The test result for the solar energy fraction during the season without a heating requirement was 91%.
For the efficiency of the solar collecting system during heating, the test result was 51%. The solar collecting system was often overheating which was an abnormal condition during the season without any heating requirements. The test result for the heat loss coefficient of both tanks was 15 W/(m 3 ⋅ ∘ C). The cost-benefit of the system was 0.66 ¥RMB/kWh, which was higher than the electricity price in Beijing, at 0.52 ¥RMB/kWh. This implied the cost of a solar space heating system for water heating was too high, so the simple payback period was up to 13.5 years, if one considered the interest on money and investment requirement that the cost should be paid back during the lifetime of the system.
The yearly reductions in the emission of CO 2 , SO 2 , and dust were 3058 kg, 25 kg, and 13 kg, respectively.
Evaluation and Rank.
Beijing is located in a richer solar energy resource region, and comparing the test results with the data in Tables 1 and 2 , the solar energy fraction and efficiency of the solar collecting system were greater than the requirements. Therefore the system passed its final evaluation. According to Tables 6 and 8, the system should be at rank 2, so the final rank for the system was rank 2. The rank of the solar space heating system in this project seemed good, but from an economic view, the result is not acceptable. The test was performed during the first year. As time passes, the performance of a solar collector can deteriorate, which was proved by Zhang et al. [44] . This problem should be considered in further applications of solar heating systems. and installed on the flat roof of the building (Figure 3 ). To make full use of the solar energy in summer, the slope of the solar collector frame was 25 ∘ . The total investment in the heating and air-conditioning system was 1.39 M ¥RMB, and the investment in the solar air-conditioning system was 0.45 M ¥RMB. The details of the equipment in the system are given in Table 11 .
Test Results.
The tests were performed in both hot and cold seasons. Details of the test results for the cold season are in Table 12 .
The test result for the solar energy fraction for cooling was 83%, the efficiency of the solar collecting system 50%, the thermal COP 0.41, and the average indoor temperature 25.6 ∘ C. The test result for the heat loss coefficient of the heat storage tank is 3 W/(m 3 ⋅ ∘ C). The cost saved during the cooling season was 42 k ¥RMB, the cost-benefit of the system during cooling season was 0.15 ¥RMB/kWh, and the simple payback period was 10.7 years. The reductions in emissions of CO 2 , SO 2 , and dust during the cooling season were 593,000 kg, 480 kg, and 240 kg, respectively. Details for the test results for the cold season are given in Table 13 .
The test result for the solar energy fraction for heating was 72%, the efficiency of the solar collecting system was 43%, and the average indoor temperature was 22.0 ∘ C. The cost saved during the hot season was 15 k ¥RMB. Details for the test results for heat season are given in Table 14 .
Considering all the results of the cold and hot seasons, the cost-benefit for the system was 0.09 ¥RMB/kWh, and the simple payback period was 7.9 years. The reductions in emissions of CO 2 , SO 2 , and dust were 960,000 kg, 779 kg, and 389 kg, respectively.
Evaluation and Rank.
Beijing is located in a richer solar energy resource region, and comparing the test results with the data in Tables 1 and 2 , the solar energy fraction and efficiency of the solar collecting system were greater than the requirements. Therefore the system passed its final evaluation. Based on the test results for the cooling season, according to Table 7 , the rank for the solar air-conditioning system should be rank 1. According to Table 8 , the rank for the solar air-conditioning system should be rank 2, so the final rank for the solar air-conditioning system was rank 2.
From the evaluation, the solar air-conditioning system was able to match the load requirements for different seasons.
Conclusions
Through the research, an evaluation method for solar thermal systems was presented. It has provided a baseline for the evaluation of many systems in China. The output of the research is part of Chinese national standard (GB/T 50801). The evaluation method was applied to three systems and the result showed that the evaluation method was suitable for the acceptance inspection of STSs.
During the application of the standard, some improvements were found. More index should be added for comprehensive evaluations of systems. The solar energy fraction can be changed to be expressed with different parameters that can be closer to the real situation. The payback period should be considered with more factors, and saving energy not taken into account, depending on the type of backup energy used. Cooling energy supplied by the chiller, kW :
Heating energy consumed by the chiller, kW : Useful heat gain yearly, MJ :
Useful energy gained by solar collecting system, MJ : Amount of alternative energy, kgce : Total energy consumption, MJ :
Price of conventional energy, RMB /kWh : Cost for system maintenance, RMB : Emission factor of SO 2 , kg/kgce.
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:
Density of heat transfer media, kg/m 
